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Phosphatidylcholine liposomes were applied to wool 
dyeing with acid milling dyes, with azo or 
anthraquinone disperse dyes and with 1:2 metal 
complex dyes in al1 cases with and without cholesteroi 
on the bilayer. Given the vaiuable effect of synthetic 
and iiatural double tailed surfactants on polyester 
dyeing and the significant improvement achieved in 
wool dyeing, recent results obtained on tite dyeing of 
woollpolyester blends using liposomes are also 
presented. 
LWV and MLV liposome suspensions at pH 5.5 were 
physicochemically stabIe during the dyeing process for 
both dyes studied, the bilayer lipid concentration 
ranging from 0.5 to 4.0 mM. The presence of 
iiicreasing amounts of CH in liposomes enhanced the 
stabitity of these structures for both the particle size 
distribution and the polydispersity index. 
Despite the inhibition of dye exhaustion on untreated 
wool fabrics, directly dependent on both the liposome 
tipid concentration and the structure of liposomes, the 
increasing concentrations of lipids in the bilayers 
enhanced the percentage of bonded dye in the fibres. 
This tendency was also observed when the CH 
concentration in the bilayers was increased. Therfore, 
a new method of wool dyeing by means of liposomes 
may be considered suitable for modulating the dye 
exhaustion of commercial rnilling acid dyes, disperse 
dyes and metal complex dyes, thereby increasing the 
dye bonding in untreated wool fibres. 
concentration and temperature. Liposomes action was 
valued in blends of polyesterlwool with disperse dyes 
underoptimum conditions for polyester dyeing. In this 
case dyebath exhaustion depended on the dye 
concentration, atiaining higher exhaustion levets at 
higher temperatures and with only light shades. The 
dye bonded on polyester and wool were higher with 
1iposomedyeingthan with commercial carrier dyeing. 
New straregies for woollpolyester blend dyeing could 
be devised using more specifrc biamimetic systems 
with a vesicular character suited ta textile 
applications. 
INTRODUCTION 
Liposomes can be regarded as an excellent model for 
cell membranes and can also be employed. in 
controlled delivery systems for therapeutic agents. In 
the 1 s t  decade, these vesicles have aroused a great 
deal of interest in the pharmaceutical, food and 
cosmetic fields. Eventhough they hâve not been 
industrially applied in the field of textiles, sorne 
studies have beencarried out at laboratory level which 
could envisage a new use for these vesicles in textile 
dyeing. 
Attempts to apply vesicles to textile dyeing have been 
carried out by several authors. Barni et al. (1) applied 
CO the dyeing of polyester, cationic and anionic double 
tailed surfactants, such as di-dodecyl- 
dimechylammonium bromide (DDDAB) or chloride 
(DDDAC} and di-hexadecylphosphae (DHP), suitable 
for the preparation of synthetic vesicfes. The disperse 
dye us& beiongs to the diethylamino-azobenzene 
series and excellent results were obtained for dyebath 
In the dyeing of polyester with disperse dyes, the exliauscion and uniformity of coloration. 
carrier character of liposomes was dernonstrated. Dye 
exhaustion and fixation were directly dependent on the I I I  the same line Kim et al. also used U1)13hB and 
amount of fibre in the dyebath regardless of the dye 
17 
otlter di-aikyl derivatives such as di-dccyl or di- 




influence of dye concentration 
The kinetics of dye exhaustion of different liposome 
systems was studied for disperse dyes, the lipid 
concentration remaining constant (I.Ommol/L), the 
dye concentration ranging from 0.2 to 1.0 mmol/L 
(Figure 4). 
Interestingly, dye exhaustion rises as dye 
wncentration in liposomes increases, reaching the 
highest values (79%) for 0.7mmolIL dye wncenaation 
for DisperseOrange 1, or (90.%) for O.Smmol/Ldye 
concentration for Disperse Violet 1. Increasing 
amountsofdyealso result indecreased dyeexhaustion 
in the range of the dye and lipid investigated. 
On the b a i s  of the last two sections, the importance 
of the dyelphospholipid molar ratios to obtain dyeing 
modulation at a maximum of dye exhaustion can be 
pointed out. 
Influence of liposome structure 
'The higher encapsulation efficiency found for LUV 
suspensions should be reflected in the dyeing 
behaviour of the same dye with the two liposome 
structures studied. Results of measuring dye 
exhaustion for Polar Red B in dyeing via LUV and 
MLV liposomes are ploned in Figure 5. 
The use of liposomes in dyeing results in an inhibition 
of dye exhaustion for both structures studied, the. 
FIGURE 4. Exhausrion iÿnerics of (A) Disperse Oirnge 1 (1 1) 
and @) Disperse Violer 1 (12) on unrrealed wool or differenr dye 
cancenrratio~s and coniwnr phospholipid concentration (1.0 
mm0liL) 
FIGURE S..Exhauslion kiiieiiîs of polar re6 B dye (10) on 
uniieared wool samplei is dyeing via A) L W  and B) MLV 
liposorner (al diffeieni PC concentration) versus lime. 
effect being greater for LUV suspensions. The final 
dye exhaustion for 4mMIL lipid concentration was 
appoximately 77% for LUV and 83% for MLV 
liposome suspensions. Thecefore, the higher inhibition 
of dye exhaustion of the LUV versus the MLV could 
probably be attributed to the higher encapsulation 
efficiency of the LUV structures. 
Influence of CH concentration 
As cholesterol is one of the main components of the 
interna1 lipids of wool (28). we studied the effect 
caused by including this component in lipid bilayers 
on wool dyeing. Accordingly, we investigated the dye 
exhaustion kinetics also for most of the dyes described 
via liposomes containing increasing amounts of CH in 
bilayers (9,10,13,14,16). The results obtained for two 
of them Polar Blue G (10) and Acid Yellow 129 are 
given in Figure 6. 
In general, the marked inhibition of dyeing exhaustion 
versus dyeing in the absence of liposomes, more 
pronounced in A, is attributable to the use of the 
higher lipid bilayer concentration. 
As regards to the influence of the molecular 
cornpwition of liposomes, this inhibition was directly 
connected to the presence of CH in bilayers; i.e., the 
greater the CH concentration in the bilayers, the 
higher the inhibition of dye exhaustion in A and most 
of the other dyes studied (9,10,13,14). However. in 
B, the inhibition was inversely connected to the 
presence of CH in bilayers. Thus, the Iiigher the 





This tendency is also observed when the CI3 
concentration in bilayers is increased. 
The importance of the role played by liposomes in 
wool dyeing was demonstrated a i n g  into account 
both the dyeing modulation and the strategic 
biomimeticaspects. It is reasomble to predict that an 
optimization of experimental conditions of dyeing 
using liposomes could be obtained thereby improving 
additionally fastness of wool dyed samples. Some 
other liposome strategies wuld be applied to wool 
processing taking into wnsideration the special lipo- 
keratinic siruchire of wml fibers, in particular the 
existence of lipids in the Ceil Membrane Complex. 
The carrier'character of liposomes was demonstrated, 
leading to dye exhaustion and fixation under some 
optimum experimental conditions .in the dyeing of 
polyester with disperse dyes. This exhaustion is 
dependent on the liposomelfibre ratio in the dyebath 
regardless of the dye concentration and temperature. 
Liposomes action was valued in blends of 
polyesterlwool with disperse dyes in optimum 
conditions for polyester dyeing. In this case dyebath 
exhaustion depended on the dye concentration, 
obtaining higher exhaustion levels at higher 
temperatures and with only light shades. The dye 
bonded on polyester and wool was higher with 
liposome dyeing than with commercial carrier dyeing. 
The role played by liposomes inpolyester/wool dyeing 
using disperse dyes is worth noting. New strategies 
for woollpoiyester blend dyeing could be devised 
using more specific biomimetic systems with a 
vesicular character prepared for textile applications. 
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